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Chapter 1 
The conversion of biomass to added-value compounds to replace or at least reduce 
the dependency to fossil resources attracts much attention of researchers. Some efforts 
have been conducted in the catalytic conversion of biomass such as gasification, pyrolysis 
and hydrolysis. The conversion of these biomass raw materials into valuable compounds 
can be imagined by subsequent transformation of a set of biomass transformation 
derivative compounds that are called platform molecules.  Furfural is a significant 
chemical compound platform because it can be transformed to other added-value 
compounds, such as fine chemicals and fuel components. 
The use of metal oxides in the conversion of the biomass-derived compounds has 
been conducted extensively. However, the use of rare earth oxides in the conversion of 
biomass through transfer hydrogenation is scarcely reported. Moreover, the use of 
halloysite and kaolinite in the formation of biofuel from furfural has not been reported. 
Therefore, the rare earth oxides, kaolinite, and halloysite can still be explored for its 
catalytic activity in the conversion of biomass to added-value compounds.  
 
 
 
Chapter 2 
The dependence on fossil resources, such as natural gas, oil and coal as a basis for 
fuel and chemicals in industries, cause many researchers to find alternative resources to 
replace or at least reduce the use of non-renewable resources.  Therefore, the conversion 
of biomass and biomass derivatives to fine chemicals has been attracting many 
researchers to investigate. One of the dominant derivatives of biomass is furfuryl alcohol 
that is important for industries, especially for producing high-strength fibers, 
polyurethane foam and elastomers, and conjugated polymers.1 The production of furfuryl 
alcohol from furfural is not easy because in addition to C=O, furfural also contains C=C 
groups that are thermodynamically and kinetically more favorable to hydrogenate rather 
than C=O.2 therefore, the production of furfuryl alcohol from furfural still attract the 
intention of researchers. 
The use of hydrogen gas as hydrogen source for hydrogenation reaction has been 
used in industry. However, the use of H2 gas for hydrogenation reaction has some 
shortages, such as requiring high pressure and temperature as well as concerns about 
safety issues when its pressurized such as during transportation, storages, etc.3 Therefore, 
other hydrogen sources has been investigated by researches to replace the hydrogen gas 
as a feedstock for hydrogenation reaction. 
Transfer hydrogenation is an interesting alternative to replace hydrogen gas for 
hydrogenation reaction because it uses hydrogen donor, such as alcohols as a hydrogen 
source. In addition, transfer hydrogenation has additional advantages, because the 
hydrogen donors are highly available, inexpensive and easy to handle.4 Several metal 
oxides, including zeolite beta, Ru/RuO2/C, MgO, Al2O3, ZrO2, ZnO, SiO2, and Mg-Al, 
has been previously used as a catalyst for transfer hydrogenation of C=O compounds.3,5–8 
However, these metal oxides showed sligtly poor catalytic performance (their selectivity 
of its corresponding alcohols were below 90%). Therefore, pursuing a catalyst that is able 
to show high catalytic performance for transfer hydrogenation of C=O compounds is still 
interesting. 
In this thesis, I report the use of La2O3 for the production of furfuryl alcohol from 
furfural. Lanthanides oxide was prepared by calcined at 923 K (La2O3_C923) followed 
by hydrogen treatment at 673 K (La2O3_C923_HT673). The catalyst was characterized 
by using TG-DTA, XRD, BET, NH3-TPD, FT-IR, and SEM.  
The effect of hydrogen treatment of calcined La2O3 significantly enhance its 
catalytic performance. The effect of hydrogen treatment of calcined La2O3 was studied 
using XRD, NH3-TPD, TG-DTA, and pyridine inhibitor XRD profile of La2O3_C923 and 
La2O3_C923_HT673 showed the same pattern difractogram indicating the absence of 
La0. The acidity and basicity of the catalyst were studied using NH3-TPD and TGA-DTA, 
respectively. The result showed that the hydrogent treatment treament influenced the 
acid/base ratio of the catalysts. The addition of pyridine into the solution coroborated the 
aforementioned of the acid/base ratio value. Therefore, the different in the catalytic 
activity of La2O3_C923 and La2O3_C923_HT673 was propably influenced by their 
acid/base ratio value. 
As members of the rare earth oxides series, the catalytic activities of lanthanide 
group compounds, namely, La2O3, CeO2, Gd2O3, and Yb2O3, in the reduction of furfural 
to furfuryl alcohol were investigated. Y2O3 was chosen for comparison because its 
properties are similar to those of lanthanide group compounds.9 MgO was also selected 
for comparison as a representative for alkaline earth metal compounds. La2O3 showed the 
best catalytic performance of all the tested metal oxides. 
The effect of reaction conditions, such as, reaction temperature, pressure, solvent, 
and precursor was also studied. The recyclability of the La2O3_C923_HT673 catalyst was 
measured to determine the economic benefit of this catalyst. The spent 
La2O3_C923_HT673 catalyst was washed using 2-propanol and dried under vacuum for 
12 h. The recycled La2O3 was less catalytically active after the 2nd cycle because a 
La(OH)3 phase and coke deposits were formed during the reaction. 
Reactivation of the spent catalyst using the same conditions as were used to prepare 
the fresh catalyst (heat treatment at 923 K and H2 treatment at 673 K) recovered the 
catalytic activity of the La2O3; however, conversions greater than 90% were not achieved. 
Nevertheless, the selectivity of the reactivated catalyst for furfuryl alcohol remained over 
90%. 
To verify the efficacy of La2O3 for transfer hydrogenation reactions, a series of 
compounds containing unsaturated and saturated carbonyl groups were tested. La2O3 
catalyst showed high catalytic performance of various unsaturated and alicyclic carbonyl 
compounds with the conversion greater than 70% and selectivity to the corresponding 
alcohols up to 99%.  
 
Chapter 3 
The independency of fuel production and the chemical industry to 
non-renewable resources has attracted many researches recently due to the 
shortage of fossil resources. Research related to catalytic conversion of biomass 
and biomass derivatives has been employed to convert biomass into fuel and fine 
chemicals by means of chemical conversion, biochemical conversion, gasification, 
and pyrolysis.10 Among these processes, chemical conversion of biomass is 
regarded as a promising approach to produce high added-value chemicals and high 
performance liquid fuel.11 
One strategy to produce biodiesel fuel from biomass-derived compounds is 
by increasing the carbon number, such as through an etherification or aldol 
condensation reaction.12,13 Etherification of furfural and its derivatives hold 
particular promise to produce fuel additives.14 These ether products (furanics 
ethers) are produced from acid-catalysed hydrolysis of furfuryl alcohol (FFA), 
derived from reducing furfural (FFR), and act as an intermediate compound for 
alkyl levulinate.15,16 Therefore, valorisation of furfural to furanic ethers attract 
attention of many researches. 
In chapter 3, the application of raw halloysites (Hal-cal 673) and kaolinite 
(Kal) as a heterogeneous catalyst in the formation of furanic ether was used. The 
catalysts were obtained from commercial ones, and prepared without any further 
treatment. The catalysts were characterized using XRD, BET, FT-IR, SEM, 
NH3-TPD, TG-DTA, and titration.  
The catalytic performance of Kal in the furanic ether formation from furfuryl 
alcohol is higher than Hal-cal 673 because the high acidity properties of Kal was 
higher than Hal-cal 673. The effect of reaction conditions, such as the reaction 
temperature, N2 pressure, and various solvents, was also studied.  
The investigation of active site for this reaction was studied using various 
methods, such as the heat treatment of the catalyst, the addition of NaOH, pyridine, 
and water into the solution. The result showed that the Lewis acid sites play a 
crucial role to enhance the catalytic activity. Meanwhile, the Brønsted acid sites 
play an important role for the selectivity of product. 
Chapter 4 
Brief summary of the experimental results are given below: 
1. La2O3 showed high catalytic performance in the transfer hydrogenation of 
biomass-derived furfural to produce a high-added-value compound, furfuryl alcohol, 
under mild conditions. Compared with other metal oxides, La2O3 had the best 
catalytic activity. However, a hydroxide derivative of La2O3 was formed during the 
reaction. Reactivation of the spent catalyst using the same conditions as were used to 
prepare the fresh catalyst (heat treatment at 923 K and H2 treatment at 673 K) 
recovered the catalytic activity of the La2O3. La2O3 provided a conversion of 
different carbonyl compounds of up to 100% and selectivity to the corresponding 
alcohols was up to 99%. 
2. The pristine halloysite and kaolinite showed the unique utility for the production of 
biodiesel-based compounds from FFA through the etherification reaction with high 
catalytic performance and reusability. The reason behind the uniqueness of halloysite 
and kaolinite is the acidic properties of these clays. The high number of Lewis acid 
sites and the low number of Brønsted acid sites influenced the catalytic performance 
of the halloysite and kaolinite. Kaolinite was easily used without any pre-treatment 
and was successfully recycled. Halloysite and kaolinite offers significant 
environmental advantages in the green chemistry processing of biodiesel base 
compounds. 
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